Human listeners understand spoken language across a variety of rates, but when speech is 31 presented three times or more faster than its usual rate, it becomes unintelligible. How the brain 32 achieves such tolerance and why speech becomes unintelligible above certain rates is still 33 unclear. We addressed these questions using electrocorticography (ECoG) recordings in 7 34 epileptic patients (two female). Patients rated the intelligibility of sentences presented at the 35 original rate (100%), speeded rates (33% or 66% of the original sentence duration) and a slowed 36 rate (150%). We then examined which parameters of the neural response covary with the 37 transition from intelligible to unintelligible speech. Specifically, we asked whether neural 38 responses: 1) track the acoustic envelope of the incoming speech; 2) "scale" with speech rate, i.e. 39 whether neural responses elicited by slowed and speeded sentences can be linearly scaled to 40 match the responses to the original sentence. Behaviorally, intelligibility was at ceiling for 41 speech rates of 66% and above, but dropped significantly for the 33% rate. At the neural level, 42
Introduction 63
Human listeners understand speech over a wide range of rates. Speech remains intelligible even 64 when it is artificially slowed or accelerated up to 40% of its original duration (Dupoux and Green 65 1997; Mehler et al. 1993; Pallier et al. 1998; Sebastián-Gallés et al. 2000) . However, how this 66 tolerance to temporal variability is achieved at the neural level and why spoken language 67 becomes unintelligible above certain rates is currently poorly understood. A set of 33 spoken sentences with duration ranging between 3 and 3.3 seconds were selected 124 from the Harvard sentences corpus (IEEE 1969) . All sentences were recorded by a male speaker. 125
Stimuli covered four speech rates: uncompressed (100%) speech, slowed (150%) and speeded 126 speech (33% and 66% of the duration of the corresponding uncompressed signal; See Fig. 1A) . 127
Unfortunately, we could not include more intermediate speech rates because of the limited 128 testing time available with each patient. The original rate and 33% conditions were represented 129 by 33 sentences and the 66% and 150% conditions -by 25 sentences that were randomly 130 selected from the set of 33. Sentences were presented consecutively, in pseudorandom order, 131 until each sentence had been presented twice. 132
To control for sentence duration, we generated concatenated (C) sentences which were generated 133 by (i) concatenating three different sentences and then (ii) time compressing the concatenated 134 group by a factor of 3 (See Fig. 1A) . Thus, each of these speeded sentence-groups had the same 135 duration as one of the original sentences. The 8 sentences used to generate the 33%-concatenated 136 (33C) condition were different than the ones used in the other conditions, and were sampled 137 independently from the Harvard sentence corpus. Ten 33C sentences were generated in this 138 manner, and each one of them was presented twice throughout the experiment, interleaved with 139 the other conditions. Compression and dilation were performed using the Overlap-Add algorithm 140 
Experimental design 146
Participants listened to a total of 252 sentences, divided into two blocks. Sentences were played 147 at bedside by a laptop and speakers located in front of the patient. The experiment was controlled 148 using Presentation® software (Neurobehavioral Systems, Inc., Berkeley, CA, 149 www.neurobs.com). Sentences were presented in a pseudo-random order, under the constraint 150 that the same sentence was never repeated consecutively. The experiment was self-paced: 151 following each sentences, patients verbally rated the intelligibility of the sentence they had just 152 heard, using a 5 point scale from 1 ("not intelligible at all") to 5 ("fully intelligible"). In all the analyses described above, the resulting correlation values were averaged across all 222 sentences. A permutation test was used to assess the significance level of each electrode: 223 sentence labels were randomly shuffled 1000 times, such that the neural response to a given 224 sentence was correlated with the response to a different sentence. Then the empirical correlation 225 value was compared to the null distribution of correlation values in order to assess the 226 significance level of each electrode. FDR was used to correct for multiple comparisons (q<0.05). 227
228

Selection of speech-specific electrodes 229
In the final analysis (Fig. 4) , electrodes were selected based on a speech localizer task. This task 230 allowed us to contrast the mean broadband power responses to speech and to noise. In the 231 localizer task, patients viewed a still image depicting the lower part of a face, which was paired 232 with a spoken word or a noise-vocoded word (Shannon et al. 1995 ). There were 20-30 trials of 233 each type, and the patient was requested to press a button in response to a pre-defined target 234 word. This task was part of another experiment on audiovisual speech. Due to the limited testing 235 time available with each patient, this was the only dataset available for electrode selection. 236 However, the topography of speech-selective electrodes obtained based on this task was similar 237 to that reported by previous studies that only used auditory stimuli (Edwards et al. 2009 ). 238
For each trial the mean response in a time window of 50-500 ms following stimulus onset was 239 computed. Then, a t-test was used to assess whether each electrode showed a significant 240 difference in the response to speech and noise. In addition, a speech selectivity index was 241 computed for each electrode as (see Fig. 4A ): 242
A total of 40 electrodes showed a significantly stronger response to speech compared to noise 244 (False Discovery Rate (FDR) corrected, q<0.01), and were thus defined as "speech-specific" and 245 used for subsequent analyses. 246
The localizer task also enabled us to extract the response latency of each electrode. The 247 Student's t-test was used to compare the broadband power response at each individual time point 248 against a pre-stimulus baseline. The response latency was defined as the time, within the time 249 series of broadband power, at which power first (i) became significantly larger than its 250 prestimulus baseline value, and (ii) remained significantly higher than baseline for at least 10 251 successive sampling points (Davidesco et al. 2013) . The averaged response latency of speech-252 selective electrodes was 150ms ± 54ms (mean ± standard deviation). Patients rated the intelligibility of each sentence on a scale from 1 to 5 (where 5 is fully 262 intelligible). Intelligibility was near ceiling for the 66%, 100% and 150% rates and, as expected, 263 dropped sharply for the 33% and 33C conditions. Specifically, intelligibility significantly 264 decreased from a level of 4.88±0.05 (mean rating ± standard error of the mean) for the original 265 duration to a level of 2.78±0.38 for 33% (p=0.008; one-sided Wilcoxon's signed-rank test), and 266 to a level of 2.19±0.34 for 33C (p=0.008) (Fig. 1B) . 267 
Neural tracking 285
We first assessed the extent to which neural responses tracked the audio envelope of each 286 sentence. Figure 2A -B depict, for two different electrodes--low-level and high-level--the 287 broadband responses (green) and audio envelope (red) for a single sentence at different speech 288 rates. The low-level auditory electrode ( Fig. 2A) closely tracked the audio envelope for all 289 speech rates. In contrast, the high-level STG electrode (Fig. 2B) showed a sharp decrease in 290 envelope tracking for the 33% and 33C conditions. To investigate the spatial topography of 291 neural tracking of the speech envelope, we conducted a whole-brain analysis by assessing the 292 significance of speech tracking across all recorded electrodes using a permutation test corrected 293 for multiple comparisons (see Methods) . Figure 2C shows the speech envelope tracking maps for 294 each speech rate. Even though we did not have access to neural data from Heschl's gyrus, seven 295 electrodes, localized mainly along the lateral sulcus in the vicinity of early auditory areas, 296 displayed significant speech tracking for the most compressed speech levels (33% and 33C). For 297 intelligible speech rates (66% and above), as expected, most of the electrodes that showed 298 significant speech tracking were clustered along the STG as well as in the inferior frontal gyrus. 299 Slowed-down speech (150%) yielded the highest number of speech tracking sites, with some 300 extending to the angular gyrus and supramarginal gyrus. Figure 3A -B depict the scaled neural responses (blue) and the response to the original sentence 337 that served as a reference (pink). For example, in the case of 150% (slowed) speech, the neural 338 response was compressed (i.e. down-sampled) to match the 100% response, and then the two 339 responses were correlated. 340
Similarly to the speech tracking analysis, we identified two representative electrodes. For low-341 level auditory electrodes (Fig. 3A) , significant response scaling was observed across all speech 342 rates, even outside the intelligibility range. In contrast, for high-order STG electrodes (Fig. 3B) , 343 temporal scaling was observed only for intelligible speech (66% and 150%) and not for 344 unintelligible speech (33% and 33C). This step-like transition in temporal scaling from 345 intelligible to non-intelligible speech was also evident in a whole-brain analysis. Significant 346 temporal scaling along STG, Inferior Frontal Gyrus (IFG) and supramarginal gyrus was observed 347 for intelligible speech (66% and 150%). In contrast, scaling of neural responses to unintelligible 348 18 speech was mainly confined to STG sites in close proximity to early auditory cortex. 349
Finally, to further explore how speech rate affects neural processing in language related areas, 350 we focused our analysis on 40 electrodes, which exhibited increased neural response to speech 351 relative to non-speech stimuli, defined using an independent localizer task (see Methods). These 352 electrodes were mainly clustered along the right and left STG, with the exception of 4 electrodes 353 that were distributed over the IFG and motor cortex (Fig. 4A) . Across the 40 speech-specific 354 electrodes, the correlation between broadband responses and audio envelope (Fig. 4B) decreased 355 monotonically as speech rate increased. Unlike speech envelope tracking, temporal scaling 356 values dropped sharply, in a step-like function, for non-intelligible speech, in accordance with 357 intelligibility ratings (compare Fig. 4C to Fig. 1B ). To directly assess the transition from 358 intelligible to non-intelligible speech across metrics, we conducted a two-way repeated measures 359 ANOVA with speech ratio (66% vs. 33%) and metric (envelope tracking vs. temporal scaling) as 360
factors. There was a highly significant interaction between these two factors (F(1,39)=46.80, 361 p<10 -9 ), indicating that temporal scaling dropped significantly in the transition between 66% and 362 33%, whereas speech tracking did not. This suggests that temporal scaling might be a more 363 sensitive measure of speech processing that is more closely related to the observed behavioral 364 
